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Summary
The response of hydroponically grown four own-
rooted table grape (Vitis vinifera L.) cultivars ('Red 
Rishbaba', 'Red Sahebi', 'Dastarchin' and 'Red Sul-
tana') to different salt concentrations (0, 25, 50 and 
100 mM NaCl) was studied under greenhouse condi-
tion. Growth parameters, total chlorophyll (a+b) and 
proline contents were determined in leaves and roots. 
Cl-, Na+, K+ and NO
3
- concentrations were measured 
in lamina, petiole, stem and root. Shoot growth, total 
dry weight, total leaf chlorophyll (a+b), NO
3
--N and 
K+ contents were significantly reduced (P≤0.05) under 
NaCl stress, whereas proline, Cl- and Na+ accumulation 
increased significantly with increasing salinity. 'Red 
Rishbaba' and 'Red Sahebi' showed a less decrease in 
total leaf chlorophyll, K+ and NO
3
- contents, while pro-
line accumulation in these cultivars was higher than 
that of 'Dastarchin' and 'Red Sultana'. Also, shoots of 
'Red Sahebi' and 'Red Rishbaba' accumulated lower 
Cl- and Na+ than other cultivars. In conclusion, the 
overall results showed that 'Red Rishbaba' and 'Red 
Sahebi' were more tolerant than 'Dastarchin' and 'Red 
Sultana'. 
K e y  w o r d s :  grapevine, salt tolerance, ion content, 
proline, total chlorophyll. 
A b b r e v i a t i o n s :  r-Rish: 'Red Rishbaba', r-Sah: 
'Red Sahebi', Das: 'Dastarchin', r-Sul: 'Red Sultana', Chl: 
Chlorophyll.
Introduction
Soil salinity is one the biggest problems for crop pro-
duction in many areas of the world (MUNNS 2002). Grape-
vines are considered moderately sensitive to root-zone 
salinity (FISARAKIS et al. 2001) and the damage is prima-
rily caused by chloride ions (WALKER 1994). The effects 
of salinity are attributed mainly to high concentrations of 
Cl- and Na+, which negatively affect the uptake of some nu-
trient elements such as NO
3
-, K+ and Ca2+ (HASAGAWA et al. 
2000). GARCIA and CHARBAJI (1989) and DOWNTON (1985) 
showed a Na+- K+ a Na+- Ca+2 antagonism in grapevine re-
spectively. Some of the grapevine rootstocks have been 
rated as tolerant to salinity due to their ability to prevent 
Na+ and / or Cl- uptake and translocation to aerial parts of 
the vines (GALET 1991). When used as a grapevine root-
stock, 140 Ruggeri (Vitis berlandieri × Vitis rupestris) is 
known for its ability as a Cl- excluder, whereas K 51-40 
(Vitis champinii × Vitis riparia 'Gloire') is a poor excluder 
and scions grafted to it accumulate high concentrations of 
Cl- when grown under saline conditions (TREGEAGLE et al. 
2006, WALKER et al. 2010). Selection of salt tolerant plants 
has been the main objective of many researchers. There 
are less studies on the relationship between Cl- exclusion 
capacity and salt tolerance of grapevine genotypes grown 
in Iran. The aim of this study was evaluation of differences 
between some grapevine varieties from the view point of 
Cl- transport to the shoot. Also, the effects of NaCl on min-
eral and biochemical compositions of the genotypes were 
investigated.
Material and Methods
The two to four nodal, hard-wood cuttings of four own-
rooted grapevine (Vitis vinifera) cultivars; 'Red Rishbaba', 
'Red Sahebi', 'Dastarchin' and 'Red Sultana' were collected 
from Kahriz vineyard, Urmia, Iran. The basal part of the 
cuttings were soaked IBA (0.1 % w/v in 50 % ethanol) for 
5-10 s. All cuttings were in a mist house with a heat-bed 
temperature of 25 °C and hygrometry of 70-85 %. After 
the appearance of leaves, rooted cuttings were transferred 
to hydroponic cultures in 2-L pots containing aerated Ho-
agland nutrient solution. At the beginning of salinity treat-
ments, uniform plants were selected with a shoot of (aver-
age) 35 cm in length for all varieties, and exposed to vari-
ous concentrations of NaCl (0, 25, 50 and 100 mM). After 
the stress period (2 weeks) roots, stems, petioles and leaves 
of plants were separately harvested. The plant materials 
were washed with distilled water, dried at 70 °C for 48 h, 
and ground to provide a powder. Experimental design was 
a randomized 4*4 factorial, replicated three times. Factors 
tested were salinity (4 levels), and grapevine (4 variety).
G r o w t h  a n a l y s i s :  Shoot, root lengths (the long-
est main root) and leaf number were measured on plants 
from each treatment at the beginning of salinity treatments 
and at the end of salt period. It was calculated by using the 




 where L is the shoot 
length, and subscripts denote initial (i) and final (f) meas-
urement.) At the end of the experiment the fresh and dry 
weights of shoot and root were determined.
Total chlorophyll (chlorophyll a+b) was analyzed fol-
lowing the method of LICHTENTHALER and WELLBURN (1985). 
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Proline content was determined according to (BATES et al. 
1973). Determinations of tissue mineral contents, inorgan-
ic ions were extracted from dry matter with hot water. In 
the extract, the sodium and potassium concentrations were 
measured by flame photometer (Fater electronic 405) and 
the chloride by silver ion titration using a chloride meter 
(Corning 926). NO
3
--N was determined by salicylic sulfu-
ric acid method (CATALDO 1975).
 Analysis of variance was performed by the statistical 
program SpSS version 18 and interactions between culti-
var and salinity levels were determined using GLM (Gen-
eral Linear Model).
Results
Shoot and root lengths were significantly reduced at all 
salinity levels (Tab.1). The decrease of growth in Das and 
r-Sul were higher than that of r-Rish and r-Sah cultivars. 
The accumulation of dry matter decreased more in shoots 
than in root. R-Rish showed higher root/shoot ratio than all 
cultivars (Tab. 1). The leaf number was significantly de-
creased (Tab. 1). The decrease was calculated as 79, 67, 85 
and 80 % in r-Rish, r-Sah, r-Sul and Das respectively at 100 
mM NaCl (data not presented). The total chlorophyll (a+b) 
content of leaves were significantly decreased (p < 0.05) 
by salinity. However, decrease chlorophyll content in Das 
and r-Sul cultivars were higher than that of r-Rish and r-
Sah (Tab. 1). The reduction in total chlorophyll content due 
to increased salt treatments from 0 to 100 mM NaCl were 
44, 43, 57 and 57 % in leaves for the r-Rish, r-Sah, r-Sul 
and Das respectively (data not presented). Proline, as an 
osmoregulator in stress conditions, increased in lamina and 
root of four grapevine cultivars. A positive correlation was 
determined between proline concentrations and tissue Cl- 
and Na+ concentrations of lamina (r: from 0.881 to 0.964, 
p < 0.01) and root (r: from 0.894 to 0.967, p < 0.01) during 
salt stress. However, r-Rish and r-Sah had higher proline 
content than the others (Tab. 1).
Vine tissue (root, stem, petiole and lamina) concentra-
tion of Na+ increased significantly with increasing salinity 
in the nutrient solution. Roots accumulated higher amounts 
of Na+ than other plant parts (Tab. 2). Among the culti-
vars, shoots (stem, petiole plus lamina) of r-Sul and Das 
T a b l e   1
The response of shoot and root lengths, leaf number, root/shoot ratio, total chlorophyll (chlorophyll a+b) and 




















         0 31.291 a 6.666 a 10.750 a .186 d 20.263 a .7694 d 1.089 d
       25 20.916 b 5.250 b 8.000 b .2096 c 16.529 b 1.6759 c 1.715 c
       50 15.250 c 3.875 c 5.416 c .2384 b 12.860 c 2.7093 b 2.591 b
     100 4.541d 1.541 d 2.333 d .2573 a 10.084 d 3.7472 a 3.142 a
Variety
     r-Rish 16 c 4.416 b 6 c 0.256 a 14.76 b 2.529 a 2.219 a
     r-Sah 16.416 c 5.08 a 7.33 a 0.22 b 16.65 a 2.305 b 2.217 a
     r-Sul 21.58 a 4.37 b 6.25 bc 0.19 c 14.45 b 2.075 c 1.976 b
     Das 18 b 3.458 c 6.91 ab 0.225 b 13.86 c 1.99 c 2.125 a
a For salinity means calculated for all variety and for varieties means calculated for all salinity treatments.
b Different letters within columns indicate significant differences at P < 0.05 (LSD, n = 3).
T a b l e   2
The effect of external NaCl concentrations on Na+ content (% d.w.) of lamina, petiole, stem 
and root in r-Rish, r-Sah, r-Sul and Das, 2 weeks after salt treatmenta,b
Salinity 
(mMNaCl)
Lamina petiole stem Root
         0 .110 d .225 d .167 d .333 d
       25 1.103 c 3.090 c 2.543 c 3.570 c
       50 1.690 b 4.316 b 3.170 b 4.663 b
     100 2.303 a 5.623 a 3.996 a 5.890 a
Variety
     r-Rish 1.203 b 2.913 d 2.46 a 3.913 a
     r-Sah 1.118 b 3.215 c 2.505 a 3.721 ab
     r-Sul 1.410 a 3.683 a 2.382 a 3.523 bc
     Das      1.475 a 3.443 b 2.530 a 3.298 c
a For salinity means calculated for all variety and for varieties means calculated for all 
  salinity treatments.
b Different letters within columns indicate significant differences at P < 0.05 (LSD, n = 3).
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accumulated higher Na+ content than the others (Fig. 1). 
R-Sul and Das retained maximal Na+ concentration in peti-
oles and lamina, while r-Sah and r-Rish retained lower Na+ 
concentration. 
Chloride concentration in petiole, lamina, stem and 
root increased with increasing external salinity. Among the 
different parts of the plants, roots and petioles showed the 
highest Cl- concentration. Leaves of r-Rish and r-Sah ac-
cumulated lower Cl- than the other cultivars (Tab. 3). R-Sul 
and Das accumulated more Cl- in the shoot (Fig. 2). How-
ever, root Cl- content of r-Sah, r-Rish and r-Sul was simi-
lar. Das is able to maintain lower Cl- in the root. While, it 
seems that r-Sah and r-Rish are partially able to restrict Cl- 
transport to shoot when compared to the other cultivars.
Increasing salinity led to a decline in potassium con-
centration in all plant parts. Among the grapevine cultivars 
Fig. 1: Sodium concentration in shoot (stem, petiole plus lamina) (A) and root (B) of r-Rish, r-Sah, r-Sul and Das treated with different 
concentrations of NaCl for 2 weeks. Bars are ± SE of the means (n = 3) LSD p ≤ 0.05. Different letters indicate significant differences 
between varieties at each salt concentration.
T a b l e   3
The effect of external NaCl concentrations on Cl- content (% 
d.w.) of lamina, petiole, stem and root in r-Rish, r-Sah, r-Sul and 
Das, 2 weeks after salt treatmenta,b
Salinity 
(mMNaCl)
Lamina Petiole Stem Root
         0 .145 d .244 d .180 d .375 d
       25 .451 c .869 c .589 c 1.675 c
       50 .980 b 1.345 b .895 b 2.310 b
     100 1.504 a 2.047 a 1.358 a 2.497 a
Variety
     r-Rish 0.591 c 1.107 b 0.736 b 1.779 a
     r-Sah 0.705 b 1.1 b 0.703 b 1.785 a
     r-Sul 0.879 a 1.243 a 0.838 a 1.798 a
     Das 0.905 a 1.055 b 0.745 b 1.496 b
a For salinity means calculated for all variety and for varieties
  means calculated for all salinity treatments.
b Different letters within columns indicate significant differences
  at P < 0.05 (LSD, n = 3)
the highest K+ concentration was determined in the leaf 
blades and petioles of r-Sah (Tab. 4). Also, shoot K+ content 
of r-Sah was higher than that of the others (Fig. 3). How-
ever, Das had the highest root K+ concentration (Fig. 3). 
Among the different parts of the plant, petioles showed the 
highest K+ concentration, whereas the lowest values were 
in the stems. 
Results presented in Fig. 4 indicate that raising NaCl 
concentrations in solution the NO
3
--N concentration were 
reduced in shoot and root. Das had significantly lower lam-
ina and petiole NO
3
- concentrations than those of r-Sah, 
r-Rish and r-Sul cultivars (Tab. 4). However, shoot NO
3
- 
content of r-Sah and r-Rish was higher than that of the Das 
and r-Sul cultivars. Total NO
3
- content in roots of r-Sul was 
higher than that of r-Sah, r-Rish and Das. While, at 50 and 





concentrations, compared to other cultivars (Fig. 4).
Discussion
Increased root zone salinity led to decline in the growth 
of all vines. At 25 mM, the reduction in shoot dry weight 
(stem, petiole plus lamina) was comparable with that of the 
roots, indicating that shoot and roots were equally sensitive 
to NaCl salinity. At 50 and 100 mM, root growth was less 
affected than that of shoots, so that root/shoot ratio in-
creased by 28 and 38 % respectively (Tab. 1). This result 
may be due to a greater ability of the roots for osmotic ad-
justment under stress (SHARP and DAVIES 1979). It has been 
well known that the roots are actively involved in salt stress 
adaptation (NAIK and WILDHOLM 1993). Reduction in 
growth due to salinity seems to be related to the sum of the 
total cations in the leaves (ARBABZADEH and DUTT 1987). 
Total chlorophyll (a+b) content was significantly de-
creased. Ion accumulation in leaves adversely affects Chl 
content (YEO et al. 1985). The reduction of chlorophyll 
contents in abiotic stress plants might possibly be due to 
 98 M. FOZOUNI et al.
Fig. 2: Chloride concentration in shoot (stem, petiole plus lamina) (A) and root (B) of r-Rish, r-Sah, r-Sul and Das treated with different 
concentrations of NaCl for 2 weeks. Bars are ±SE of the means (n = 3) LSD p ≤ 0.05. Different letters indicate significant differences 
between varieties at each salt concentration.
T a b l e   4
The effect of external NaCl concentrations on K+ and NO
3
- contents (% d.w.) of lamina, petiole, stem  and root in 
r-Rish, r-Sah, r-Sul and Das, 2 weeks after all salt treatmentsa,b
Salinity
(mMNaCl)
Potassium   NO
3
--N 
Lamina Petiole Stem Root Lamina Petiole Stem  Root
0 4.576 a 9.283 a 4.510 a 7.656 a .292 a .635 a .272 a .690 a
25 4.190 b 8.430 b 4.083 b 6.496 b .268 b .547 b .231 b .624 b
50 4.096 b 7.803 c 3.630 c 5.123 c .238 c .459 c .190 c .513 c
100 3.710 c 7.363 d 2.896 d 3.723 d .207 d .388 d .159 d .458 d
Variety
r-Rish 4.176 b 8.523 a 3.643 c 5.416 c 0.284 b 0.572 a 0.206 b .604 a
r-Sah 4.563 a 8.763 a 3.83 b 5.856 c 0.296 a 0.511 b 0.237 a .560 b
r-Sul 3.923 c 7.937 b 3.5 c 5.483 b 0.231 c 0.521 b 0.209 b .615 a
Das 3.91 c 7.656 b 4.136 a 6.243 a 0.194 d 0.425 c 0.201 b .507 c
a For salinity means calculated for all variety and for varieties means calculated for all salinity treatments.
b Different letters within columns indicate significant differences at P < 0.05 (LSD, n = 3).
Fig. 3: Potassium concentration in shoot (stem, petiole plus lamina) (A) and root (B) of r-Rish, r-Sah, r-Sul and Das treated with differ-
ent concentrations of NaCl for 2 weeks. Bars are ± SE of the means (n =3) LSD p ≤ 0.05. Different letters indicate significant differ-
ences between varieties at each salt concentration.
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changes in the lipid protein ratio of pigment-protein com-
plexes or increased chlorophyllase activity (PARIDA et al. 
2004). Moreover, reduction in chlorophyll concentrations 
is probably due to the inhibitory effect of the accumulated 
ions of various salts on the biosynthesis of the different 
chlorophyll fractions (CHUTIPAIJIT et al. 2008). The levels 
of proline in the plants mainly designate their ability to tol-
erate or adapt to saline conditions. Proline has also been 
proposed to function as molecular chaperone stabilizing 
the structure of proteins, and proline accumulation can pro-
vide a way to buffer cytosolic pH and to balance cell redox 
status (CHUTIPAJIT et al. 2008). Proline was accumulated by 
increasing salinity in most of the grapevine cultivars. In-
crease in the proline content in the stressed tissue under in 
vitro condition has been observed by GREENWAY and MUNNS 
(1980). Under saline condition, the decrease of nutrient up-
take results in a lower transport rate of nutrients to the top 
and, therefore, in a lower shoot and root growth (FISARAKIS 
et al. 2004). The present investigation demonstrated that 
salinity and cultivar can modify K+ and NO
3
--N nutrient 
concentration in grapevine plants. This may be due, in 
some cases to differential cultivar response to salinity and 
may have a considerable effect on growth of grapevines 
under saline conditions. Under salt stress, the K+ concen-
tration decreased in all vine tissues, same as in many glyc-
ophytes (GREENWAY and MUNNS 1980). Shoots and roots of 
all four cultivars showed an increase in Na+ and a reduction 
in K+ contents during salt treatment. Decrease of K+ con-
centration in roots resulted in enhanced Na+/K+ ratio that 
leads to a favorable ionic balance in the cases of increased 
Na+ uptake (WEST 1986). Similar reductions in root K+ con-
centrations with increasing salinity have been observed in 
citrus (WALKER 1986). It is well known that many K+ trans-
port systems have significant affinity for Na+ (BLUMWALD 
et al. 2000). The decrease of K+ concentration by salinity 
has been already reported (GARCIA and CHARBAJI 1993, 
TRONCOSO et al. 1999). KENT and LÄUCHLI (1985) observed 
that the contents of K+ and Ca+2 were reduced in both roots 
and shoots of cotton seedlings by NaCl treatment. It is well 
known that high NaCl concentration in the nutrient solu-
tion leads to an increase in the rate of Na+ uptake. Conse-
quently, a Na+-K+ antagonism reduced K+ absorption. An 
antagonistic effect between K+ and Na+ has been reported 
by WALKER (1994). A significant negative correlation was 
found between K+ and Na+ concentrations of leaf (r = -0.75, 
p < 0.01), petiole (r: -0.84, p < 0.01), and shoots (r: -0.90, 
p < 0.01). Salt tolerance in glycophytes is associated with 
the ability of a plant to limit uptake and/or transport of sa-
line ions (mainly Na+ and Cl-) from the root zone to aerial 
parts (GREENWAY and MUNNS 1980). At high external salin-
ity (100 mM) the accumulation of Na+ in petioles and 
shoots may indicate the existence of an inhibition of Na+ 
transport to leaf laminae. Our results are consistent with 
those reported by DOWNTON (1985), working with grape-
vine rootstocks ('Dogridge', '1613', 'Harmony' and 'Ram-
say') under glasshouse conditions for three consecutive 
growing seasons. In contrast to Na+, Cl- concentration in 
leaf laminae increased with salinity. The work of SYKES 
(1992) has shown that the ability to restrict uptake and / or 
root to shoot transport of Cl- is inherited as either a poly-
genic or monogenic trait. In crosses and backcrosses in-
volving V. berlandieri and V. vinifera, however, hybrids 
segregate as either Cl- excluders or accumulators suggest-
ing the effect of a major dominant gene for Cl- exclusion 
for V. berlandieri (SYKES 1987). Results clearly indicate 
that Na+ concentration was higher than Cl- concentration. 
WALKER et al. (2004) showed that R
3
, a rootstock, was a 
good Cl- excluder but a poor Na+ excluder. Similar results 
were reported for Cleopatra mandarin by WALKER (1986). 
Also our results about higher accumulation of Na+ was 
similar with results reported by GARCIA and CHARBAJI 
(1993) for 'Cabernet Sauvignon' grapes. This suggests that 
in perennial plants the ability to exclude Cl- and Na+ ions is 
due to two different mechanisms (SYKES 1992). Further-
more, while advances have been made in understanding 
the mechanism for Cl– exclusion in grapevines (SCHACHT-
MAN and THOMAS 2003, TREGEAGLE et al. 2010), the precise 
mechanism remains to be established. Rooted leaves, on 
Fig. 4: Total NO
3
- concentration in shoot (stem, petiole plus lamina) (A) and root (B) of r-Rish, r-Sah, r-Sul and Das treated with dif-
ferent concentrations of NaCl for 2 weeks. Bars are ± SE of the means (n = 3) LSD p ≤ 0.05. Different letters indicate significant dif-
ferences between varieties at each salt concentration.
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which roots are induced from the proximal end of the leaf 
petiole, have proved to be a suitable model system for ion 
transport, especially for woody perennial plants like grape-
vine (SCHACHTMAN and THOMAS 2003). Initial comparative 
data between rooted leaves of 140 Ruggeri and K 51-40 
indicate similar Cl- uptake rates into roots of the two geno-
types over a 3-h period in 10 mM Cl-, but lower concentra-
tions of Cl- were measured in xylem of 140 Ruggeri 
TREGEAGLE et al. 2010). Among the different parts of the 
plants, root and petioles showed the highest Cl- content. In 
grapevine and in soybean, it has also been shown that Cl- 
transport to the shoot is controlled by the root (SAUER 1968, 
DOWNTON 1977, LÄUCHLI 1984). The higher root/shoot Cl- 
concentrations ratio indicates the Cl- retaining ability of the 
r-Sah and r-Rish roots. GREENWAY and MUNNS (1980), 
MUNNS (2002), and STOREY et al. (2003) have proposed that 
the sequestration of ions in roots, and the prevention of 
their transport to the shoot in the xylem, is a mechanism for 
salinity tolerance. FISARAKIS et al. (2001) found consist-
ently higher accumulations of Cl- and Na+ in roots as com-
pared to the leaves of 'Sultana' vines and suggested that 
capability to store Na+ in roots is a tolerance characteristic 
of rootstocks. Certain grapevine rootstocks have Cl- restric-
tion and exclusion capacity that can reduce Cl- uptake and 
transport to the shoot (WALKER et al. 2004). In comparison 
to Das and r-Sul, r-Sah and r-Rish are able to accumulate 
lower Cl- in the shoot (Fig. 2). However, grapevine root-
stocks that lead to high concentrations of Cl- in laminae, 
petioles, and grape juice of scions grafted to them, e.g. 
rootstock K 51-40 (TREGEAGLE et al. 2006, WALKER et al. 
2010), can lead to significant leaf damage and impairment 
to fruit development and yield of scions under saline con-
ditions (WALKER et al. 2010). Studies with mature grape-
vines on a range of rootstocks in a range of environments 
and salinities have shown that the difference between a 
strong (e.g. 140 Ruggeri) and a poor (e.g. K 51-40) Cl- ex-
cluder, is maintained across the range of environments and 
salinities (WALKER et al. 2010). Chloride exclusion has 
been defined by TEAKLE and TYERMAN (2010) as the ability 
of plants to restrict uptake of Cl- from the soil and subse-
quent transport in the xylem to the shoot. WALKER et al. 
(2004) showed that 1103 paulsen (salt tolerance) is the best 
Cl- excluder rootstock because it had lowest Cl- concentra-
tions in petiole, lamina and grape juice of field grown vines 
when compared to the others. Higher Cl- concentrations in 
shoots of Das and r-Sul is the most likely reason for salt 
sensitivity in this varieties. Genetic differences between 
plant species and varieties in the restriction of Na+ and Cl- 
uptake from the soil or reduction of ion transport to the 
xylem could be an influential factor in diminishing the ac-
cumulation of those ions in leaves (MUNNS 2002). Increas-
ing salinity levels resulted in decreased NO
3
--N concentra-
tions in all parts of the vine, is due probably to NO
3
--Cl- 
antagonism. The reduction in availability of N significantly 
decreases plant growth. There is also a possibility that 
growth reduction is not entirely due to Cl- toxicity, but may 
be partially due to Cl- induced NO
3
- deficiency (TORRES and 
BINGHAM 1973). There are many studies that indicate an-
tagonism and interaction between NO
3
- and Cl- (GUNES 
et al. 1996). The presence of Cl- inhibits the absorption of 
NO
3
- (CEREZO et al. 1997, PEUKE and JESCHKE 1999), while 
increasing NO
3
- fertilization reduces Cl- concentration in 
the leaves (DEANE-DRUMMOND 1986). The inhibition of 
NO
3
- uptake by Cl- could be due to interactions between 
both ions at the sites for ion transport (CRAM 1983) and 
roots of different cultivars would differ in their ability to 
discriminate between different available ions and show a 
preference for one ion over another (BANULS et al. 1990). 
TYERMAN and FINDLY (1989) found that NO
3
- and Cl- perme-
ate the same anion channels in tonoplast membrance, and 
that NO
3
- permeability is approximately twice that of Cl-. 
WALLACE and BERY (1982) showed that yield reduction of 
wheat was due to NO
3
- deficiency induced by Cl- toxicity. 
Results presented in this study showed that high external 
Cl- concentration probably reduces NO
3
- accumulation in 
shoot and root of the four grapevine genotypes. In grape-
vine, it has been shown that by increasing NaCl concentra-
tion in external medium the NO
3
--N concentrations in all 
parts of the tested grapevine cultivars were decreased after 
60 d (FISARAKIS et al. 2004). Our results are consistent with 
previous studies and a significant negative correlation was 
found between NO
3
--N and Cl- in all plant parts (r: from 
-0.74 to -0.89, p < 0.01).
Conclusion
The growth parameters and mineral composition of 
four grapevine cultivars were compared under greenhouse 
conditions using four salt treatments. Parameters such as 
shoot growth, leaf number and root/shoot ratio were sig-
nificantly decreased by salinity. Das and r-Sul showed the 
highest growth reduction. Decreasing in Total chlorophyll 
content in 'Dastarchin' and 'Red Sultana' cultivars were 
higher than that of others. Proline increased in four grape-
vine cultivars however, 'Rishbaba' and 'Sahebi' had higher 
Proline contents. Na+ and Cl- contents of the shoot and root 
increased while there was a reduction in K+ and NO
3
- con-
tents under different levels of salinity. Das and r-Sul were 
much more sensitive to salinity than r-Rish and r-Sah due 
to more accumulated chloride in leaves. According to the 
results obtained in this study salinity tolerance in the grape 
genotypes can be summarized as: r-Rish> r-Sah> r-Sul> 
Das. Generally, the maximum level of Cl- accumulated in 
roots of the all cultivars at 100 mM NaCl was less than 
the half maximum of Cl- accumulated in the shoot of the 
cultivars. No significant difference was observed between 
25 and 50 mM NaCl. It was concluded that although r-Rish 
and r-Sah showed a capacity to restrict Cl- transport to the 
shoot particularly at 50 mM NaCl, all cultivars seem to be 
sensitive when exposed to salinity. 
References 
ARBABZADEH, F.; DUTT, G.; 1987: Salt tolerance of grape rootstocks under 
greenhouse conditions. Am. J. Enol. Vitic. Vol. 38, No. 2.
BANULS, J.; LEGAZ, F.; PRIMO-MILLO, E.; 1990: Effect of salinity on uptake 
and distribution of chloride and sodium in some citrus scion- root-
stock combinations. J. Hortic. Sci. 65, 715-724.
 Short term response of grapevine grown hydroponically to salinity 101
BATES, L. S.; WALDREN, R. P.; TEARE, I. D.; 1973: Rapid determination of 
free proline for water- stress studies. Plant Soil 39, 205-207.
BLUMWALD, E.; AHARON, G. S.; ASPE, M. P.; 2000: Sodium transport in 
plant cells. Biochim. biophys. Acta 1465, 140-151. 
CATALDO, D. A.; HAROON, M.; SCHRADER, L. E.; YOUNGS, V. L.; 1975: Rap-
id colorimetric determination of nitrate in plant tissue by nitration of 
salicylic acid. Soil Sci. Plant Anal. 6, 71-80.
CEREZO, M.; GARCIA-AGUSTIAN, P.; SERNA, M. D.; PRIMO-MILLO, E.; 1997: 
Kinetics of nitrate uptake by citrus seedlings and inhibitory effects 
of salinity. Plant Sci. 126, 105-112. 
CHUTIPAIJIT, S.; CHA-UM, S.; SOMPORNPAILIN, K.; 2008: Alteration of pro-
line and anthocyanin levels affects salinity tolerance in INDICA rice 
seedlings. KMITL Sci. J. 8, No. 2  
CRAM, W. J.; 1983: Choloride accumulation as a homeostatic system: set 
points and perturbations. J. Exp. Bot. 34, 1484-502.
DEANE-DRUMMOND, C. E.; 1986: A comparison of regulatory effects of 
chloride on nitrate uptake, and of nitrate on chloride uptake into 
Pisum sativum seedlings. Physiol. Plant. 66, 115-121.
DOWNTON, W. J. S.; 1977: Influence of rootstocks on the accumulation of 
chloride, sodium and potassium in grapevines. Aust. J. Agric. Res. 
28, 879-889.
DOWNTON, W. J. S.; 1985: Growth and mineral composition of the sultana 
grapevine as influenced by salinity and rootstock. Aust. J. Agricult. 
Res. 36, 425-434. 
FISARAKIS, I.; CHARTZOULAKIS, K.; STAVRAKAS, D.; 2001: Response of sul-
tana vines (V. vinifera L.) on six rootstocks to NaCl salinity exposure 
and recovery. Agric. Water Management 51, 13-27.                
FISARAKIS, I.; NIKOLAOU, N.; TSIKALAS, P.; THERIOS, I.; STAVRAKAS, D.; 2004: 
Effect of salinity and  rootstock on concentration of Potassium, Cal-
cium, Magnesium, Phosphours and Nitrat-Nitrogen in Thompson 
seedless Grapevine. J. Plant Nutrition, 2117-2134.
GALET, P.; 1991: Precis ď Ampelographie Pratique, 6éme Ed.; Imprimerie 
C. Dehan, Montpellier.
GARCIA, M.; CHARBAJI, T.; 1989: Influence de la teneur en chlorure de so-
dium du milieu sur la composition minerale dela vigne.Agrochimica 
33, 412-423.
GARCIA, M.; CHARBAJI, T.; 1993: Effect of sodium chloride salinity on 
cation equilibria in grapevine. J. Plant Nutrition 16, 2225-2237.
GREENWAY, H.; MUNNS, R.; 1980: Mechanisms of salt tolerance in non-
halophytes. Ann. Rev. Plant Physiol. 31, 149-190.
GUNES, A.; INAL, A.; ALPASLAN, M.; 1996: Effect of salinity on stomatal 
resistance, proline, and mineral composition of pepper. J. Plant Nutr. 
19, 389-396.
HASAGAWA, P. M.; BRESSAN, R. A.; ZHU, J. K.; BONHERT, J.; 2000: Plant 
cellular and molecular response to high salinity. Annu. Rev. Plant 
Physiol. Plant Mol. Biol. 51, 463-499.
KENT, L. M.; LÄUCHLI, A.; 1985: Germination and seedling growth of cot-
ton: salinity-calcium interactions. Plant Cell Environ. 8, 155-9. 
LÄUCHLI, A.; 1984: Salt exclusion: an adaptation of legumes for crops and 
pastures under saline conditions. In: R. C. STAPLES, G. H. TOENNIES-
SEN (Eds): Salinity tolerance in plants - strategies for crop improve-
ment, 171-187. John Wiley and Sons, New York, USA.
LICHTENTHALER, M. K.; WELLBURN, A. R.; 1985: Determination of total 
carotenoids & chlorophylls a and b of leaf in different solvents. Biol. 
Soc. Trans. 11, 591-592.
MUNNS, R.; 2002: Comparative physiology of salt and water stress. Plant, 
Cell Environ. 25, 239-250. 
NAIK, P.; WILDHOLM, J. M.; 1993: Comparison of tissue culture and whole 
plant responses to salinity in potato. Plant Cell Tiss. Org. Cult. 33, 
273-280.
PARIDA, A. K.; DAS, A. B.; MITTRA, B; 2004: Effects of salt on growth, 
ion accumulation, photosynthesis and leaf anatomy of the mangrove 
Bruguiera parviflora. Trees Struct. Funct. 18, 167-174.
PEUKE, A. D.; JESCHKE, W. D.; 1999: The characterization of inhibition of 
net nitrate uptake by salt in salt-tolerant barley (Hordeum vulgare L. 
cv. California Mariout). J. exp. Bot. 50, 1365-1372.
SAUER, M. R.; 1968: Effects of vine rootstock on chloride concentration in 
Sultana scions. Vitis 7: 223–226.
SCHACHTMAN, D. P.; THOMAS, M. R.; 2003: A rapid method for generating 
sufficient amounts of uniform genotype-specific material from the 
woody perennial grapevine for ion transport studies. Plant Soil. 253, 
195-199.
SARP, R. E.; DAVIES, W. J.; 1979: Solute regulation and growth by roots 
and shoots of water stressed maize plants. Planta 147, 43-49.
SMIRNOFF, N.; CUMBES, Q. J.; 1989: Hydroxyl radical scavenging activity 
of compatible solutes. Phytochemistry 2, 1057-1060. 
STOREY, D.; SCHACHTMAN, P.; THOMAS, M. R.; 2003: Root structure and 
cellular chloride, sodium and potassium distribution in salinized 
grapevines. Plant Cell Environ. 26, 789-800.
SYKES, S. R.; 1987: Variations in chloride accumulation by hybrid vines 
from crosses involving the cultivars Ramsay, Villard blanc and Sul-
tana. Am. J. Enol. Vitic. 36, 30-37.
SYKES, S. R.; 1992: The inheritance of salt exclusion in woody perennial 
fruit species. Plant Soil 146, 123-129. 
TEAKLE, N. L.; TYERMAN, S. D.; 2010: Mechanisms of Cl– transport con-
tributing to salt tolerance. Plant, Cell Environment 33, 566-589.
TORRES, B. C.; BINGHAM, F. T.; 1973: Salt tolerant of Mexican wheat: Ef-
fect of NO
3
 - and NaCl on mineral nutrition, growth and production 
of four wheats. Proc. Soil Sci. Soc. Am. 37, 711-715.
TREGEAGLE, J. M.; TISDALL, J, M.; BLACKMORE, D, H.; WALKER, R. R.; 
2006: A diminished capacity for chloride exclusion by grapevine 
rootstocks following long-term saline irrigation in an inland versus 
coastal region of Australia. Australian Journal of Grape and Wine 
Research. 12: 178-191.
TREGEAGLE, J. M.; TISDALL, J. M.; TESTER, M.; WALKER, R, R.; 2010: Cl– up-
take, transport and accumulation in grapevine rootstocks of differing 
capacity for Cl– exclusion. Funct. Plant Biol. 37, 665-673.
TRONCOSO, A.; MATTE, C.; CANTOS, M.; LAVEE, S.; 1999: Evaluation of 
salt tolerance of in vitro-grown grapevine rootstock varieties. Vitis 
38, 55-60.
TYERMAN, S. D.; FINDLAY, G. P.; 1989: Current-voltage curves of single Cl- 
channels which coexist with two types of K+ channel in the tonoplast 
of Chara oralline. J. Exp. Bot. 40, 105-117.
WALLACE, A.; BERRY, V. V.; 1982: Toxicity: Concept and relationship to 
the dose-response curve. J. Plant Nutrit. 3, 13-19. 
WALKER, R. R.; 1986: Sodium exclusion and potassium- sodium selec-
tivity in salt-treated trifoliate orange (Poncirus trifoliate) and Cleo-
patra mandarin (Citrus reticulate) plants. Aust. J. Plant Physiol. 13, 
293-303.
WALKER, R. R.; 1994: Grapevine responses to salinity.  Bull. O. I. V. (Off. 
Int. Vigne Vin), 634-661. 
WALKER, R, R.; BLACKMORE, D. H.; CLINGELEFFER, P. R.; 2010: Impact of 
rootstock on yield and ion concentrations in petioles, juice and wine 
of Shiraz and Chardonnay in different viticultural environments 
with different irrigation water salinity. Aust. J. Grape Wine Res. 16, 
243-258.
WALKER, R. R.; BLACKMORE, D. H.; CLINGELEFFER, P. R.; CORRELL, R. 
L.; 2004: Rootstock effects on salt tolerance irrigated field-grown 
grapevines (Vitis vinifera L. cv. Sultana) 2. Ion concentration in 
leaves and juice. Aust. J. Grape Wine Res. 10, 90-99.
WEST, D. W.; 1986: Stress physiology in trees: salinity. Acta Hortic. 175, 
321-332.
YEO, A. R.; CAPRON, S. J. M.; FLOWERS, T. J.; 1985: The effect of salin-
ity upon photosynthesis in rice (Oryza sativa L.): Gas exchange 
by individual leaves relation to their salt content. J. Exp. Bot. 36, 
1240-1248.
Received September 5, 2011

